Introduction
The belief that phases of the moon affect mood and behavior dates back to ancient times.
The lunar effect on the human body and mind is suggested anecdotally as well as empirically in the psychological and biological literature. Do lunar phases also affect the securities markets?
If investors make decisions strictly through rational maximization, then the answer is no.
However, research evidence suggests that investors are subject to various psychological and behavioral biases when making investment decisions, such as loss-aversion, overconfidence, and mood fluctuation (e.g., Harlow and Brown, 1990; Odean, 1998 Odean, , 1999 . On a general level, numerous psychological studies suggest that mood can affect human judgment and behavior (e.g., Schwarz and Bless, 1991; Frijda, 1998) . The behavioral finance literature documents evidence on the effects of mood on asset prices (e.g., Avery and Chevalier 1999; Levi, 2000, 2003; Hirshleifer and Shumway, 2003; Coval and Shumway, 2005) . If lunar phases affect mood, by extension, these phases may affect investor behavior and thus asset prices. If so, asset returns during full moon phases may be different from those during new moon phases. More specifically, since psychological studies associate full moon phases with depressed mood, this study hypothesizes that stocks are valued less and thus returns are lower during full moon periods. This study is motivated by a psychological hypothesis. In modern societies the lunar cycle has little tangible impact on people's economic and social activities. Consequently, it would be difficult to find rational explanations for any correlation between lunar phases and stock returns. The causality would be obvious if there is such an effect. Therefore, investigating 3 the lunar effect on stock returns is a strong test of whether investor behavior affects asset prices.
Nevertheless, it is also important to recognize the possibility that the relation between lunar phases and stock returns could be spurious. As many researchers study the patterns of historical stock returns, some will find significant results simply due to chance. 1 To investigate the relation between lunar phases and stock returns, we first examine the association of lunar phases with the returns of an equal-weighted and a value-weighted global portfolio of 48 country stock indices. The findings indicate that global stock returns are significantly lower during full moon periods than new moon periods. For the equal-weighted global portfolio, the cumulative return difference between the new moon periods and the full moon periods is 40.26 bps per lunar cycle for the 15-day window specification and 27.48 bps per lunar cycle for the 7-day window specification; both are significant at the 5% level. For the value-weighted global portfolio, the corresponding return difference is 30.44 bps for the 15-day window specification and 25.87 bps for the 7-day window specification, which are significant at the 10% and the 5% levels respectively. These numbers translate into annual return differences of 3% to 5%. The differences in the average daily logarithmic returns between the new and the full moon periods are consistent with the above findings.
A sinusoidal model is also estimated to test for the cyclical pattern of the lunar effect.
According to this model, the lunar effect reaches its peak at the time of full moon and declines to a trough at the time of new moon, following a cosine curve with a period of 29.53 days (the mean length of a lunar cycle). The results indicate a significant cyclical lunar pattern in stock returns.
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To fully utilize the panel data, a pooled regression was estimated with panel-corrected standard errors (PCSE) for all 48 countries and for the following subgroups of countries: the G-7 countries, the other developed countries, and the emerging-market countries. The PCSE specification adjusts for the contemporaneous correlation and heteroscedasticity among country index returns, as well as for the autocorrelation within each country's stock index returns. When all countries are included in the analysis, a statistically significant relation is found between moon phases and stock returns for both the 15-day and 7-day window specifications. Stock returns are, on average, 4 bps lower daily (about 5% annually) for the 15 days around the full moon than for the 15 days around the new moon. Using a 7-day window, stock returns are, on average, 6 bps lower daily (about 4% annually) on the full moon days than on the new moon days. The estimated effect remains similar when country group fixed effects are included. When country fixed effects are included, the estimated lunar effect becomes stronger. Another interesting observation is that the magnitude of this lunar effect is larger in the emerging market countries than in the developed countries.
To study the relation between the lunar effect and investor sentiment, we examine whether the lunar effect on stock returns is related to stock size, and thus individual versus institutional decision-making, since institutional ownership is higher for large cap stocks. Indeed, for U.S. stocks, we find evidence that the lunar effect is more pronounced for NASDAQ and small cap stocks than for NYSE-AMEX and large cap stocks.
2 Thus, the evidence suggests that the lunar effect is stronger for stocks that are held mostly by individuals. This finding is consistent with the notion that lunar phases affect individual moods, which in turn affect investment behavior.
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To better understand the relation between lunar phases and stock markets, we investigate whether lunar phases relate to stock trading volumes and return volatility. No evidence is found that the lunar effect observed in stock returns is associated with trading volumes or risk differentials during the full moon and the new moon periods.
We then examine whether the lunar effect can be explained by macro-economic events and other documented calendar anomalies. The findings indicate that the lunar effect is not due to the average effect of macro-economic announcements and the changes in short-term interest rates. Nor can the lunar effect be fully explained by global shocks. The lunar effect remains similar after we control for other calendar-related anomalies, such as the January effect, the dayof-week effect, the calendar month effect, and the holiday effects (including lunar holidays).
Thus, we conclude that the lunar effect is unlikely a manifestation of these calendar anomalies.
We further check the robustness of the lunar effect using various lunar window lengths, alternative ARIMA specifications, and a test of random 30-day cycles.
The remainder of the paper is organized as follows. Section 2 discusses the literature on how lunar phases affect human mood and behavior. Section 3 describes the data. Section 4 discusses the methodology and results. Section 5 concludes.
Literature Review
One difficulty in testing whether psychological biases and sentiments affect investor trading behavior and asset prices is to find a proxy variable for sentiment or mood that is observable and exogenous to economic variables. Nonetheless, there have been several creative attempts. For example, Avery and Chevalier (1999) show that sentimental bettors can affect the path of prices in football betting. Saunders (1993) and Hirshleifer and Shumway (2003) , drawing on psychological evidence that sunny weather is associated with an upbeat mood, find that 6 sunshine is strongly correlated with stock returns. In a study of the seasonal-variation of risk premia in stock market returns, Kamstra, Kramer, and Levi (2003) draw on a documented medical phenomenon, Seasonal Affective Disorder (SAD), to proxy investor mood and find a statistically significant relation between SAD and stock market returns. In another study, Kamstra, Kramer, and Levi (2000) relate yearly daylight fluctuations to mood changes and in turn to stock market returns.
This paper exploits the popular perception that lunar phases affect mood and behavior, and analyzes the relation between lunar phases and stock returns. The hypothesis is that the lunar effect is an exogenous proxy for mood since lunar phases do not have tangible effects on economic and social activities. Furthermore, while the level of sunshine studied in Hirshleifer and Shumway (2003) is specific to geographical locations, lunar cycles are the same around the globe. Thus the lunar effect does not depend on the geographical locations of investors. Lunar cycles are also predictable. A relation between lunar cycles and stock returns will indicate that stock prices are predictable in a way uncorrelated with economic fundamentals, which is a strong violation of the efficient market hypothesis.
The idea that the moon affects individual moods has ancient roots. The moon has been associated with mental disorder since ancient time, as reflected by the word "lunacy," which derives from Luna, the Roman goddess of the moon. Popular belief has linked the full moon to such disparate events as epilepsy, somnambulism, crime, suicide, mental illness, disasters, accidents, birthrates, and fertility.
Biological evidence suggests that lunar phases have an impact on the human body and behavior. Research on biological rhythms documents a circatrigintan cycle, which is a moonrelated human cycle. The most common monthly cycle is menstruation. A woman's menstrual 7 cycle is about the same length as a lunar cycle, which suggests the influence of the moon. Law (1986) finds a synchronous relationship between the menstrual cycle and the lunar phases.
Studies also find a lunar effect on fertility; for example, Criss and Marcum (1981) document that births vary systematically over lunar cycles with peak fertility during the third lunar quarter. In addition, lunar phases affect human nutrient intake: de Castro and Pearcey (1995) document an 8% increase in meal size and a 26% decrease in alcohol intake at the time of full moon.
Much attention has been paid to the lunar effect on human mood and behavior in the psychology literature. A recent study by Neal and Colledge (2000) documents an increase in general practice consultations during the full moon phase. Lieber (1978) and Tasso and Miller (1976) indicate a disproportionately higher number of criminal offences occur during the full moon phase. Weiskott (1974) reports evidence that the number of crisis calls is higher during full moon and waning phases. Hicks-Caskey and Potter (1991) suggest an effect of the day of a full moon on the acting-out behavior of developmentally delayed, institutionalized women. Sands and Miller (1991) document that a full moon is associated with a significant but slight decrease in absenteeism after controlling for the effects of the day of the week, month, and proximity to a holiday.
Overall, the effect of the moon has been studied informally and formally for years.
However, despite the attention this effect has received, psychological evidence for the lunar hypothesis in general is not conclusive even though biological evidence is strong. For example, in a review of empirical studies, Campbell and Beets (1978) conclude that lunar phases have little effect on psychiatric hospital admissions, suicides, or homicides. On the other hand, researchers argue that this lack of relation does not preclude a lunar effect. It may simply mean that the effect has not been adequately tested due to small sample sizes and short sample time 8 periods (Cyr and Kaplan, 1987; Garzino, 1982) . Moreover, the psychology literature has mainly focused on trying to link the moon's phases to extreme behavioral problems in a few disturbed people, rather than a less drastic effect on human beings in general. By studying the relation between lunar phases and asset prices, this paper extends the literature of the lunar effect on behavior.
In addition, survey evidence suggests a wide belief in the lunar effect. Rotton and Kelly (1985a) find that 49.4% of the respondents to their survey believe in lunar phenomena.
Interestingly, among psychiatric nurses, this percentage rises to 74% (Agus, 1973) . Vance (1995) reports a similar result. Danzl (1987) finds survey evidence that 80% of the nurses and 64% of the physicians in the emergency department believe that the moon cycle affects patients.
Scientific explanations have been proposed to account for the moon's effect on the brain: sleep deprivation, heavy nocturnal dew, tidal effect, weather patterns, magnetism and polarization of the moon's light (Kelley, 1942; Katzeff, 1981; Szpir, 1996; Raison et al., 1999) .
Given the extensive documentation of the correlation between lunar phases and human feelings, thoughts, and behaviors, more specifically, the correlation between full moon periods and sleep deprivation, depressed mood, and suicidal events, the hypothesis in this study is that investors may value financial assets less during full moon periods than during new moon periods due to the changes in mood associated with lunar phases.
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This paper is not the first attempt to link lunar phases to stock returns. Rotton and Kelly (1985b) cite a working paper by Rotton and Rosenberg (1984) that investigates the relation between lunar phases and Dow-Jones average closing prices. They find no significant relation 9 between lunar phases and the Dow Jones Index prices. 4 The current study differs in that it examines returns rather than prices. In addition, heteroscedasticity and autocorrelations are corrected for in the return series, thus providing a more precise test for the relation. Most importantly, a broad sample of 48 countries is examined, which constitutes a more comprehensive and powerful test. Dichev and Janes (2003) also report a significant lunar effect on stock returns. Their study is concurrent with and independent of this study. Their findings and the findings of this paper complement each other. Dichev and Janes (2003) focus more on the U.S. market, while this paper provides global evidence on 48 countries with different levels of market development. Summary statistics appear in Table 1 .
Data

Empirical Findings
This section describes the empirical results of testing the hypothesis that stock returns are associated with lunar phases. We first report findings using an equal-weighted and a valueweighted global portfolio of the 48 country stock indices. This set of results indicates the significance of lunar effect on global stock returns.
Next, a panel regression was estimated using the entire panel of countries as well as panels of the following country categorizations: the G-7 countries, the other developed countries, and the emerging market countries.
To better understand the lunar effect on stock returns, we examine whether such an effect is related to stock capitalizations, patterns in trading volumes and stock market volatility. We also investigate whether the lunar effect is driven by macroeconomic announcements, global shocks, and calendar-related anomalies, such as the January effect, the day-of-week effect, the calendar month effect, the holiday effect, and the lunar holiday effect. Finally we check the robustness of the lunar effect to various lunar window lengths, several ARIMA specifications, and a test of random 30-day cycles.
Lunar Effect on the Global Portfolios
Since lunar cycles are common across the globe, we examine the lunar effect on an equalweighted and a value-weighted global portfolio of 48 countries. 6 Specifically, we compare the 11 returns of the full moon periods to the returns of the new moon periods for the global portfolios. The effect is stronger for the 7-day window specification than for the 15-day window specification. The effect is also stronger for the equal-weighted portfolio than for the value-weighted portfolio. The findings are consistent regardless of using cumulative returns or daily logarithmic returns.
In Table 2 , Panel A, the cumulative return difference is -40.26 bps per lunar cycle for the 15-day window specification and -27.48 bps per lunar cycle for the 7-day window specification.
A trading strategy with a long position in the portfolio during the new moon periods and a short position during the full moon periods on average yields a return of 40.26 bps for a lunar month using the 15-day window specification. A similar strategy using the 7-day window specification yields a return of 27.48 bps. These numbers translate into annual returns of 4.8% (40.26 bps *12) and 3.3% (27.48 bps *12) for the trading strategies, both significant at the 5% level. For the value-weighed portfolio, the corresponding return differences are -30.44 bps for the 15-day window and -25.87 bps for the 7-day window. These numbers translate into annual returns of 3.7% (30.44 bps *12) and 3.1% (25.87 bps *12) for the corresponding trading strategies using the value-weighted portfolio. To further gauge the economic significance, the transaction cost of implementing this trading strategy was estimated using exchange-traded-funds. The bid-ask spread for emerging market ETFs, such as iShares MSCI Emerging Markets ETF, 8 typically is 12 around 0.10% of the traded value. Since the trading strategy used here involves 12 round-trip transactions (i.e., 24 transactions), a rough estimate of the transaction cost is 1.2%. Hence, the annual returns net of transaction costs for the trading strategies range from 1.9% to 3.6%.
Consistent with the evidence in Panel A, Panel B shows that the mean daily logarithmic returns are lower for the full moon periods than for the new moon periods. The average daily return difference for the equal-weighted portfolio is -3.53 bps for the 15-day window specification and -4.94 bps for the 7-day window specification. For the value-weighted portfolio, the average daily return difference is -2.80 bps for the 15-day window specification and -4.82
bps for the 7-day window specification. These numbers translate into annual returns of 4.4%
(=3.53 bps *125) and 3.1% (=4.94 bps *62) for the corresponding trading strategies using the equal-weighted portfolio and annual returns of 3.5% (=2.80 bps *125) and 3.0% (=4.82 bps *62)
for the trading strategies using the value-weighted portfolio respectively. Again, the lunar effect is stronger for the 7-day window specification and for the equal-weighted portfolio. Figure 1 plots the corresponding average daily logarithmic returns of the equal-weighted global portfolio for the full moon periods versus the new moon periods.
The documented return differences in both panels in Table 2 are statistically significant.
The results are similar when alternative AR specifications of the Newey-West estimates are used.
The bootstrapped p-values further confirm that the return differences are unlikely driven by the non-normality of the return distributions and by pure chance. The p-values of the nonparametric signed-rank test are all less than 5%.
Next, a sinusoidal model of continuous lunar impact is used to test for the cyclical pattern of the lunar effect. According to the model, the lunar effect reaches its peak at the time of the full moon and declines to the trough at the time of the new moon, following a cosine curve with a 13 period of 29.53 days (the mean length of a lunar cycle). The following regression is estimated for the portfolios:
where d is the number of days since the last full moon day and the β coefficient indicates the association between stock returns and lunar cycles. There is a negative relation (β = -2.88)
between the global stock returns and lunar cycles. The test result is statistically significant at the 1% level (Figure 2) . Overall, the sinusoidal model suggests that the lunar effect is cyclical.
In summary, we find global evidence of a significant correlation between stock returns and lunar phases. We document that on average returns are higher during the new moon periods than during the full moon periods.
Panel Analysis
A panel of country level average daily logarithmic returns for each lunar period is set up to fully utilize the cross-sectional and time series data. We estimate a pooled regression with panel corrected standard errors (PCSE) as the following:
R it is the average daily logarithmic return during a full moon or a new moon period for country i at time t. Lunardummy is a dummy variable indicating a full moon or a new moon period; it takes on a value of one for a full moon period and zero for a new moon period. 9 The coefficient on this variable indicates the difference in the mean daily logarithmic returns between the lunar periods. The PCSE specification adjusts for the contemporaneous correlation and heteroscedasticity among country index returns, as well as for the autocorrelation within each country's stock index returns (Beck and Katz, 1995) . Table 3 presents estimation results of the pooled regression for both the 15-day and the 7-day window specifications. The results indicate that stock returns of the new moon periods are significantly higher than those of the full moon periods. Regardless of model specifications, the coefficients on Lunardummy are negative. When all countries are included in the analysis, the returns of the new moon periods are on average 3.95 bps and 5.93 bps higher than returns of the full moon periods for the 15-day and 7-day windows respectively. Both estimates are significant at the 5% level. The estimated coefficients on the Lunardummy remain similar when country group dummy variables are included. When country fixed effects are included, the estimated coefficients become larger in magnitude and higher in statistical significance. Interestingly, the extent of the lunar effect seems to vary across different levels of market maturity. The strongest lunar effect is found among the emerging market countries: a 5.60 bps daily difference for the 15-day window and an 11.27 bps daily difference for the 7-day window; both are significant at the 5% level. The lunar effect in the other developed markets and the G-7 countries is less strong: a 3.21 bps daily difference for the 15-day window and a 3.19 bps daily difference for the 7-day window for the other developed markets; and a 2.43 bps daily difference for the 15-day window and a 2.45 bps daily difference for the 7-day window for the G-7 countries.
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In summary, the panel analysis confirms the earlier findings using the global portfolio:
Stock returns of the new moon periods are significantly higher than those of the full moon periods, more so for the emerging market countries. Maturity of the stock markets and the 10 Rpercentage of institutional investors might explain the differences in the magnitude of lunar impact in these markets.
Large vs. Small Capitalization Stocks
In this section, we examine whether the lunar effect is related to stock capitalization. This test is motivated by the empirical finding that institutional ownership is positively correlated with stock capitalization. 11 Specifically, large capitalization stocks have a higher percentage of institutional ownership than small capitalization stocks. Since investment decisions of individual investors are more likely to be affected by sentiments and mood than those of institutional investors, we expect the lunar effect to be more pronounced in the pricing of small capitalization stocks. To assess the relation between lunar phases and stock capitalization, 10 stock portfolios were formed based on market capitalization for stocks traded on the NYSE, AMEX and NASDAQ. Returns and market capitalization for the NYSE, AMEX, and NASDAQ stocks were obtained from CRSP. Table 4 reports results of a regression of daily returns of market capitalization ranked portfolios on lunar phases. The estimated lunar effect is stronger for NASDAQ stocks than for NYSE and AMEX stocks. Moreover, the lunar effect is stronger for smaller size deciles with the exception of the smallest decile in NASDAQ. 12 The Spearman rank correlation is -0.81 for the NYSE and AMEX deciles and significant at the 1% level. The correlation is -0.65 for the NASDAQ deciles and significant at the 10% level (excluding the smallest decile).
Overall, these findings are consistent with the hypothesis that stocks with more individual investor ownership display a stronger lunar effect and thus provide further evidence that mood or sentiment may affect asset prices.
Trading Volume and Market Volatility
In order to determine whether the observed lunar effect is related to trading volumes and return volatility, we estimate the following regressions for an equal-weighted portfolio and a panel of 48 countries for the 15-day full moon window:
where the variable, normvolume, is the daily trading volume normalized by average daily volume in the month and t is the time index for each day; the variable, volatility, is the standard deviation of daily logarithmic stock returns in a lunar period, and T is the time index for a lunar period.
Test results for Equation (3) are reported in Table 5 , Panel A. The coefficient on
Lunardummy is not significant for the portfolio, nor is it significant for the pooled regression of 48 countries, which indicates that there is little evidence that trading volumes are related to lunar phases in a systematic manner. Therefore, the observed lunar effect is not due to patterns in trading volume that are related to lunar phases.
Test results for Equation (4) are reported in Table 5 , Panel B. The coefficients on
Lunardummy of the portfolios and the panel regression are of different signs and are both insignificant, which indicates that stock market volatilities are not related to lunar phases in a systematic manner. Hence, the observed lunar effect in stock returns cannot be explained by the risk differentials between the full moon and the new moon periods.
Macroeconomic Events
It is possible that the return differential between the full moon and the new moon periods reflects the average effect of macroeconomic events or common market shocks. In this section,
we examine to what extent the estimated lunar effect is explained by macroeconomic events.
Specifically, we investigate the lunar effect on the global portfolio, controlling for the following three types of events: macroeconomic announcements, major global shocks, and movements in short-term interest rates.
We estimate the lunar effect on the daily logarithmic returns of the global portfolios, controlling for macro-economic events. Initially, a base case of lunar effect is identified by estimating the following regression for the portfolios at the daily frequency:
where R t is the daily logarithmic return, and t is the time index of daily frequency. The NeweyWest adjusted standard errors are used, assuming an AR1 process. The indicator variable, Lunardummy t, is set equal to one if day t falls in a full moon period and zero if day t falls in a new moon period. Equation (5) is then re-estimated, controlling for macroeconomic announcements, major global shocks, and changes in short-term interest rates.
The test results are reported in Table 6 . Model 1 reports the base case. The coefficient β on Lunardummy is -4.26 (-5.40 ) bps for the equal-weighted portfolio and -3.47 (-4.77) bps for the value-weighted portfolio, for the 15-day (the 7-day) window specification. All estimates are significant at the 5% level. These results confirm the earlier finding that stock returns are higher during new moon periods than full moon periods.
To examine whether the return differences between the new moon and the full moon periods are due to macroeconomic announcements, two tests are performed. In the first test, Equation (5) Gerlach, 2004) . The resulting β estimates, reported in Table 6 , Model 2, are similar to those of the base case for the 15-day window specification and larger in magnitude for the 7-day window specification, indicating that the lunar effect cannot be explained by the average effect of macroeconomic announcements. In the second test, the number of days with macroeconomic announcement during the new moon and the full moon phases is plotted to compare the distribution of announcements across the lunar periods. Figure 3 shows that macro-announcements occur quite evenly during the two periods for both the 15-day and the 7-day window specifications. Overall, the evidence indicates that the lunar effect is unlikely due to macroeconomic announcements.
Next, the relevance of global shocks to the lunar effect is examined. Equation (5) is reestimated excluding various global shocks. As reported in Table 6 , Model 3, the β estimates are still negative, albeit smaller in magnitude and lower in statistical significance than the base case.
The lunar effect remains negative and significant for the equal-weighted portfolio; the coefficients on Lunardummy are negative but not statistically significant for the value-weighted portfolio. Thus, excluding the periods of global shocks from the analysis weakens the lunar effect to some extent; however, these shocks cannot fully explain the documented lunar effect.
Finally, the lunar effect is examined by controlling for changes in the short-term interest rates. Equation (5) is modified by including short-term interest rates as an explanatory variable in the following regression:
where the short-term interest rate is the three-month Treasury bill rate. The results are presented in Table 6 , Model 4. The coefficients on the short-term interest rate are negative for all specifications, indicating that higher interest rates are correlated with lower stock prices. The estimated lunar effect remains similar although slightly weaker, which indicates that changes in short-term interest rates do not explain the observed lunar effect.
Overall, the evidence indicates that the lunar effect cannot be explained away by macroeconomic announcements, common shocks in the stock markets, and changes in short-term interest rates.
The Lunar Effect and Other Calendar Anomalies
This section examines whether the lunar effect can be explained by other calendar anomalies.
The January Effect
The lunar effect is unlikely a manifestation of the January effect, 13 since lunar months do not correspond to calendar months. Nevertheless, to test for the relation between the lunar effect and the January effect, a January dummy variable was added to the following regression:
Januarydummy is a dummy variable equal to one in the month of January and zero otherwise. Table 7 , Model 1, shows both a significant January effect and a significant lunar effect.
Compared with the base case findings in Table 6 , where the January effect is not controlled, the magnitude and significance of the lunar effect become only slightly smaller; thus, the January anomaly is not a driving force behind the observed lunar effect. 13 The January effect has been documented by, for example, Rozeff and Kinney (1976) and Reinganum (1983) . 20
Day-of-Week Effect
If most full moon days fall on Mondays, it is possible that the Monday effect may explain the observed lunar effect. Figure 4 shows that the full moon days fall evenly on each day of the week in the sample. In an unreported panel regression of all countries, the estimated lunar effect becomes stronger when the day-of-week fixed effects are included; thus, the lunar effect on stock returns is not related to the day-of-week effect.
Calendar Month Effect
Ariel (1987) shows that the mean U.S. stock return for days during the first half of a calendar month is higher than the mean stock return during the second half of the month. Thus, it is conceivable that the lunar effect documented in this paper may be a manifestation of the calendar month effect. To test for this possibility, a calendar dummy is added in the regression and Equation (5) is re-estimated, as follows:
Calendardummy is a dummy variable equal to one for the first half of a calendar month and zero otherwise. As shown in Model 2 of Table 7 , the calendar month effect is not significant for the portfolios; nevertheless, the magnitude and significance of the Lunardummy is consistent with the earlier results. Thus, the test statistics suggest that the calendar month effect cannot explain the observed lunar effect.
Holiday Effect
Ariel (1990) documents that, on the trading day prior to holidays, stocks advance with disproportionate frequency and show high mean returns averaging nine to 14 times the mean returns for the other days. To examine this effect, the day before a holiday is excluded for each country. Equation (5) is then re-estimated using the holiday-adjusted global index returns. As reported in Model 3 of Table 7 , the lunar effect is significant at the 5% level for both portfolios and for both the 15-day and 7-day window specifications. Thus, the lunar effect does not appear to be driven by the holiday effect. Frieder and Subrahmanyam (2004) show that Jewish holidays have a significant impact on the U.S. equity market. They find that returns are significantly positive around Rosh
Lunar Holidays
Hashanah and significantly negative around Yom Kippur. Two tests are used to check the robustness of the lunar cycle effect: 1) lunar holiday dummy variables are added to Equation (5) because many Jewish, Islamic, Hindu, Chinese, Japanese, and Korean holidays fall on the fixed days of a lunar-based calendar (Table 7) ; and 2) lunar holiday dummy variables are added to the estimation of the lunar effect at the country level for relevant countries (Table 8) . Table 7 reports the estimates on the lunar dummy and the lunar holiday dummies for two Jewish holidays: Yom Kippur and Rosh Hashanah. The coefficients for these two holidays are not significant for the portfolios. The coefficient on the lunar dummy for the equal-weighted portfolio is -3.76 for the 15-day window specification and -4.33 for the 7-day window specification, which are significant at the 5% and 10% levels respectively. The coefficient on the lunar dummy for the value-weighted portfolio is -2.57 for the 15-day window specification and -3.54 for the 7-day window specification, both statistically insignificant. Interestingly, in the country level analysis, the Jewish holiday dummies are statistically significant for the U.S. and the Israeli markets while the lunar holiday dummies for other countries are not significantly different from zero (except in Korea). These results are consistent with the findings for the U.S. stock market in Frieder and Subrahmanyam (2004) . For both the U.S. and Israeli market, the returns are lower around Yom Kippur (a somber holiday) and higher around Rosh Hashanah (a cheerful holiday). Nevertheless, the coefficients on the lunar dummies do not change much when the lunar holiday dummies are included, which indicates that the lunar holiday effect is probably independent of the lunar cycle effect. Thus, the observed lunar effect is not likely just a manifestation of other documented calendar anomalies.
Additional Robustness Checks
The robustness of the lunar effect was further checked by examining various lunar window lengths, alternative ARIMA specifications, and a test of random 30-day cycles.
Lunar Window Length
To address the concern that the estimated lunar effect may be due to the choice of window length, Equation (5) is re-estimated for window lengths of one to 15 (Table 9 ). The stock returns are higher during the new moon phases than the full moon phases for all window lengths for both portfolios. Except for the one-day window, the p-values of all estimates are lower than the 10% level of significance. Consistent with the earlier findings, except for the three-day window, the lunar effect is stronger and more significant for the equal-weighted portfolio than for the value-weighted portfolio. Since the return differences are quite consistent across the window lengths, it is unlikely that the lunar effect is due to the choice of window length.
ARIMA
Different ARIMA specifications are used to adjust the returns of the portfolios. Equation (5) is then re-estimated (Table 10 ). Both the magnitude and the statistical significance of the β estimates are consistent across the different specifications, indicating that the documented lunar effect is not due to the time-series properties of stock returns.
30-Day Cycle Effect
To test whether the observed lunar effect reflects a general pattern in stock returns, rather than a lunar-driven cycle, the lunar phase is shifted by one to 29 days. That is, a 30-day cycle is started on day one to 29 after the first full moon day, and the 30-day cycle effect is estimated for each specification, using the following pooled regression with PCSE:
where R it is the daily logarithmic return for country i and date t, and 30daydummy is a dummy variable that indicates the phase of a 30-day cycle. The 30daydummy takes on a value of one for 7 days before the starting day + the starting day + 7 days after the starting day, and a value of zero otherwise. Table 11 shows that the 30-day cycle effects for the cycles starting one to eight days and 24 to 29 days after the full moon display negative signs. Moreover, the statistical significance of the estimated 30-day cycle effect declines as these 30-day cycles deviate more from the lunar cycle. In fact, for the cycles starting 10 to 23 days after the full moon, the pattern is reversed. Figure 5 graphs the estimates of the 30-day cycle effect and shows that the documented lunar effect cannot arise from any 30-day cycle except for those that closely track the lunar cycle.
Overall, the findings indicate that the lunar effect on stock returns is robust to various lunar window lengths, alternative ARIMA specifications of the stock returns, and a test of random 30-day cycles.
Conclusion
This paper investigates the relation between lunar phases and stock returns for a sample of 48 countries. Strong global evidence indicates that stock returns are lower on days around a full moon than on days around a new moon. The return differences are statistically and 24 economically significant during the sample period. Since lunar phases are likely to be related to investor mood and are not related to economic activities, the findings are thus not consistent with the predictions of traditional asset pricing theories that assume fully rational investors. The positive association identified between lunar phases and stock returns suggests that it might be valuable to go beyond a rational asset pricing framework to explore investor behavior.
The psychology literature has provided numerous theories on how mood affects perceptions and preferences. One theory is that mood affects perception through misattribution:
attributing feelings to wrong sources leads to incorrect judgments (Schwarz and Clore, 1983; Frijda, 1988) . Alternatively, mood may affect people's ability to process information. In particular, investors may react to salient or irrelevant information when feeling good (Schwarz, 1990; Schwarz and Bless, 1991) . Finally, mood may affect preferences (Loewenstein, 1996; Mehra and Sah, 2000) . This paper is a first step toward documenting the possible effect of mood on asset prices. It would be interesting to better understand how mood affect asset prices. In a survey paper, Hirshleifer (2001) pointed out that one area of future research is to conduct experimental testing of behavioral hypotheses. In a related vein, future work could study the effect of mood on asset prices in an experimental setting. For example, does investment behavior in experimental settings differ during different phases of a lunar cycle? 
Table 2 Lunar Phases and Stock Returns: The Global Portfolio
This table compares the returns of the equal-weighted and value-weighted global portfolio between the full moon and the new moon periods. We define the full moon and the new moon periods using the 15-day and the 7-day windows. In the 15-day window analysis, the full moon period is 7 days before and after the full moon day plus the full moon day; the new moon period is defined as the rest of the lunar month. In the 7-day window analysis, the full (new) moon period is 3 days before and after the full (new) moon day plus the full (new) moon day. Panel A examines the average cumulative returns and Panel B examines the average daily logarithmic returns. We report Newey-West adjusted T-statistics, p-values from bootstrap analysis and signed-rank test. The returns are in basis points. for the 15-day window and 7-day window, respectively , where R it is average daily logarithmic returns for country i in lunar month t for each full moon and new moon period. Lunardummy is a dummy variable equal to one if it is a full moon period and zero if it is a new moon period. We define the full moon and the new moon periods using the 15-day and the 7-day windows. In the 15-day window specification, we define the full moon period as 7 days before and after the full moon day plus the full moon day, and define the new moon period as the rest of the lunar month. In the 7-day window specification, we define the full (new) moon period as 3 days before and after the full (new) moon day plus the full (new) moon day. The PCSE specification adjusts for the contemporaneous correlation and heteroscedasticity among country indices and for the autocorrelation within each country's stock index. T-statistics are reported in the parentheses. The daily returns are in basis points. 
15-Day
Table 4 Lunar Effect and Stock Sizes
This table reports results from estimating a regression of daily returns of market capitalization ranked portfolios on lunar phases. The portfolios are constructed using stocks traded in the U.S. markets: NYSE and AMEX, and NASDAQ, respectively. Decile 1 corresponds to the largest market capitalization stocks. The following regression is used for each portfolio: R t = α + β * Lunardummy t + e t. Lunardummy is a dummy variable indicating the phase of a lunar cycle, equal to one during a full moon period and zero during a new moon period. The full moon period is 7 days before and after the full moon day plus the full moon day, and the new moon period is the rest of the lunar month. T-statistics with the Newey-West robust standard errors are in the parentheses. The daily returns are in basis points. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively, using a two-tailed test.
Table 5 Lunar Phases, Trading Volumes, and Volatility
Panel A reports test results from estimating the following regressions of daily trading volume on lunar phases for the global portfolio and a pooled sample of 48 countries: normvolume jt = α j + λ j * Lunardummy t + e jt. Normvolume is daily trading volume normalized by average daily volume in that month. Panel B reports the following regression estimates for the global portfolio and a pooled sample of 48 countries: volatility jT = α j + λ j * Lunardummy T + e jT. Volatility is the standard deviation of daily logarithmic stock returns in the full moon and the new moon period for each lunar month. Lunardummy is a dummy variable equal to one during a full moon period and zero during a new moon period. The full moon period is 7 days before and after the full moon day plus the full moon day, and the new moon period is the rest of the lunar month. The estimates of a pooled regression use panel corrected standard errors. The estimates of an OLS regression use the Newey-West robust standard errors with one lag. T-statistics are reported in the parentheses. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively, using a two-tailed test.
Table 6 Lunar Phases, Stock Returns, and Macro Variables
This table compares the returns of global portfolios between the full moon and the new moon periods, excluding macro-announcement dates, periods of major global shocks, or controlling for short-term interest rates. We define the full moon and the new moon periods using the 15-day and the 7-day windows. In the 15-day window specification, we define the full moon period as 7 days before and after the full moon day plus the full moon day, and define the new moon period as the rest of the lunar month. In the 7-day window specification, we define the full (new) moon period as 3 days before and after the full (new) moon day plus the full (new) moon day. Model 1 estimates the following regressions: R t = α + β * Lunardummy t + e t, where R t is daily logarithmic returns. Lunardummy is a dummy variable equal to one if it is a full moon period and zero if it is a new moon period. Model 2 estimates the model excluding dates for eight macro-announcements: Consumer Price Index, Federal Reserve Open Market Committee announcements, Gross National Product, Retail Sales, Employment Report, Employment Cost Index, Trade Deficit, and National Association of Purchasing Managers Survey Index. Model 3 excludes periods of global shocks: the 1987 U.S. stock market crash (October 19, 1987) , the Gulf War (January 17, 1991 to February 17, 1991 , the Mexican Peso crisis (December 20, 1994 to January 31, 1995 , the Asian financial crisis (July 2, 1997 to December 3, 1997), and the Russian crisis (August 11, 1998 to January 15, 1999 Table 6 ) with controls for other calendar anomalies. Model 1 controls for the January effect. Model 2 controls for the calendar month effect. Model 3 controls for the holiday effect. Model 4 controls for lunar holiday effects. Yomcum dummy equals to 1 for the day of and the day following Yom Kippur. Roshcum dummy equals to 1 for the first day of Rosh Hashanah and the following day. Islamic, Hindu, Chinese, and Korean lunar holidays are also controlled for (the coefficient estimates for these lunar holidays are not reported). Newey-West adjusted T-statistics (with one lag) are reported in the parentheses. The daily returns are in basis points. Table 8 Lunar Holidays
15-Day
This table reports the 15-day window regression results of daily logarithmic stock returns on lunar phases controlling for the January effect and the lunar holiday effect. Yomcum dummy equals to one for the day of and the day following Yom Kippur. Roshcum dummy equals to one for the first day of Rosh Hashanah and the day following. Other lunar holiday dummies are country/religion specific. Newey-West adjusted T-statistics (with one lag) are reported in the parentheses. The daily returns are in basis points. The following regressions are estimated: R t = α + β * Lunardummy t + e t,, where R t is daily logarithmic returns. Lunardummy is a dummy variable indicating the phase of a lunar cycle. We define a full moon period as N days before the full moon day + the full moon day + N days after the full moon day (N = 0 to 7). Similarly, we define a new moon period as N days before the new moon day + the new moon day + N days after the new moon day (N = 0 to 7). Lunardummy is equal to one during a full moon period and zero during a new moon period. Window length is 2*N + 1. Newey-West adjusted T-statistics (with one lag) are reported in the parentheses. The daily returns are in basis points. ARIMA specifications are estimated for the daily logarithmic returns of the portfolios and then the following regression is estimated: R t = α + β * Lunardummy t + e t,, where R t is the residual of the ARIMA model. Lunardummy is a dummy variable indicating the phase of a lunar cycle, equal to one during a full moon period and zero during a new moon period. The full moon period is 7 days before and after the full moon day plus the full moon day, and the new moon period is the rest of the lunar month. T-statistics are reported in the parentheses. The daily returns are in basis points.
Independent Variables
Table 11 30-day Cycles and Stock Returns
This table reports the estimates of a pooled regression with panel corrected standard errors (PCSE): R it = α i + β * 30daydummy t + e it for a 15-day window when lunar phases are shifted by N calendar days. A 30-day cycle is started N days after the first full moon (N = 1 to 29), and then the 30-day cycle effect is estimated. 30daydummy takes on a value of one for 7 days before the starting day + the starting day + 7 days after the starting day, and a value of zero otherwise. The lunar cycle is represented by N = 0. T-statistics are in parentheses. The daily logarithmic returns are in basis points.
Figure 1 Average Daily Logarithmic Stock Returns of the Global Portfolio by Lunar Phases
This figure plots the average daily stock returns of an equal-weighted global portfolio of the 48 country stock indices in a full moon period and a new moon period. The two bars on the left are average returns of a 15-day window; the two bars on the right are average returns of a 7-day window. All returns are in basis points. 
Figure 2 Average Daily Logarithmic Return of the Global Portfolio by Lunar Dates
This figure graphs, for each day of a lunar month, the average daily logarithmic stock returns of an equal-weighted global portfolio of the 48 country stock indices. Day 0 is a full moon day and day 15 is around a new moon day. 14 The curved line is the estimated sinusoidal model of the lunar effect on stock returns from the following estimated equation: R t = 5.38 -2.88 * cosine(2πd/29.53) , where d is the number of days since the last full moon.
14 Day 15 is around new moon day since the length of a lunar month varies. This figure graphs the estimates of pooled regressions with panel corrected standard errors (PCSE): R it = α i + β * 30daydummy t + e it for a 15-day window when lunar phases are shifted by N calendar days. More specifically, a 30-day cycle of N days is started after the first full moon (N = 1 to 29), and then estimate the 30-day cycle effect for each specification. 30daydummy takes on a value of one for 7 days before the starting day + the starting day + 7 days after the starting day, and a value of zero otherwise. The lunar cycle is represented by N = 0. The X-axis indicates 30-day cycles ordered by N. The Y-axis marks β estimates. The daily returns are in basis points. 
